) - Al B -

" Sanitized Copy Approed for Release 2011/08/17 : CIA-RDP80-00

o R W

89A006003024-9

ST CLASSIFICATION coimxnmmiﬁﬂ“ﬂ“““”-.' o
' CENTRAL INTEILIGENCE AGENCY REPORT 50X1-HUM

INFORMATION FROM
FOREIGN DOCUMENTS OR RADIO BROADCASTS  CD NO.

COUNTRY USER - * DATE OF
INFORMATION 1949

SUBJECT Sci-ntific - Chemistry, instruments

HOW DATE DIST. ) Bep 195C
PUBLISHED  Eimonthly periodical

WHERE
PUBLISHED  Moscow NO. OF PAGES - 10
DATE . !
PUBLISHED  Dec 1949 h)

SUPPLEMENT TO
LANGUAGE Russian REPORT NO.

* . Mddd ANION AP ™ st

Hor TR UNITED JTATES WITHIN THE AEAKING OF RSMORASE AcT so
u. §..C.. 31 AND 38,A8 ANENDED, TS TRANSHISSIC TNE REVELATION M
OF ITS CORTENTS IR ANY MANNER TO AN UNAUTHORI: PERSOM 18 PO~
Bl nisiTE0 BY LAw, RIPRODUCTION oOF THIS FORM 1S PRONIBITUD.

THIS 1S UNEVALUATED INFORMATION

SOURCE Avtomatika i Telemekhanika, Vol X, Ko 6.

INSTRUMENTS FOR ANALYSIS OF GASES ACCORDIRG TO THEIR MAGNETIC PROPERTIES

(A survey)

D11, Ageykin
cSubnttted’, T: Mmy’ 1949
Inst Automat and Telemech
N Acad S:1 USSR

vh
o

[figur? and table have not been reproduced but are available in the originsl
in CIA.

.

For the purpose of evaluating the meguetic properties of weakly-magnetic

substances it is ususl to employ the magnitude of magnetic susceptibility, A
distinction is made between the volume}ric magnetic susceptidility:
X o (1)
H

(where I is the intensity of magnetization equal t0 the magnetic moment per
unit volume of the body, and H is the intensity of the magnetic field) and

the apecific sugceptibility:

d
where d is the density of the substance.

AT T (2)

For psrAmagnetic substances the values of the &bove-rentioned suscepti-
bilities are positive; for diamagnetic gubstances they are negative.

Teble 1 gives the values ¢f volumetric magnetic susceptibility for geses:
at & temperature-of 20 degrees Centigrsde/ 1 7.

The specific magnetic susceptibility does not depend upon the pressure
{or in the cese of dismegnetic ghees, upoR temperature). Ip the case of para-
magnetic gases the following dependence, determined from Curieis iaw, generally

holds:
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x=£ ' (3)

T
vhere C is Curie's constant snd T is the absolute temperature. s

The dependence of a gas' density d upon pressure P and temperature T is
expressed by the equation:

PV, = RT =pP4L, (31)

where V, is the volume of ome mole of the gas; R is the gss constant; M is
the mol%cular weight of the gas. Hence the density of the substance is ex-

pressed thus:
FM
== —ET . (3# ' )
Substituting the Expression for density into Formula 2 and solving for
volumetric magnetic ‘susceptibility, we obtain the following formulas:

a. for diamagnetic gases:

xgégwg; (%)
b. for persmagnetic gases: == Q-RM- ',,]-_p—a- (5)

From Table 1 it is obvious thet oxygen possesses the greatest magnetic
susceptibility; after oxygen follow nitrous oxide and nitrogen dioxide.

The magnetic properties of the remaining gases are considerably lower.

The magneti: susceptibility of & mixture of gases equsls the sum of the
partial magnetic susceptibilities pcssessed by the components of the mixture;
barically, 1t is determined by the contents of 0o, §O, or KO2. From this 1t
foilows thet the concentration of onme of these three geses in & mixture can
be determined from the mmgnetic properties of the mixtwe.

This method of gas enalysis has found the widest application in indus-
“triel and laboratory practice. It is exceptionally convenient and important
from the practical standpoint for the deternination of oxygen in mixtures.

The lstter use is clarified by the following applicetions: )

1. Oxygen is applied widely in diverse fields of industry/Z, 37.

2. The known methods of chemical analysis of oXygeu mixtures are not
convenient for the purposes of continuous control snd regu-ation of processes

L5 o]

3. The physical properties of oxygen (except its magnetic susceptibility)
differ only slightly from the properties of most other gases Wwith which oxygen
is usually found in mixture; it 1s this fact thet makes difficult the applica-
tion of other sccepted physical methods of analysis.

4. The high magnetic susceptibllity of oxygen ensures, in the mejorily
of cases, the certeinty of the results of sanalysis &nd also ensures great sen-
sitivity. ’

5. Analysis that is based upon the difference in magnetic properties of

"By, the components making up & mixture is convenlent end adspteable to continuous
automatic control and regulation of industrial processes.
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The absolute velues of magnetic susceptibility of gases are very small;
therefore measurement must be based upon procedures that ensure the very
highest sensitivity.

Most kaown procedures utilize one or another physical phenomenon that
permits one to determine indirectly the magnetic susceptibility of +the gas.
To_such phenomena belong the following:

1. A body located in & nonuniform megnetic field, when surrounded by
& paramagnetic ges, undergoes an apparent decrease in magnetic susceptibll-
ity. -

2. The viscosity of a paramagnetic gas decreases in a magnetic field. “

3. The thermal conductivity of & paramagnetic gas decreases in a mag-
netic field. .

4. Around e heated body surrounded by & paramagnetic ges, & thermo-
magnetic convection will take place in a nonuniform magnetic field thereby
_causing the body to cool.

Below we give a detailed analysis of each phenomenon and & description
of the various types of instruments.

1. Instruments of the Mechanical Type

The force acting upon a body of volum: V located in a nonuniform mag-
petic field is determined, as is well known, by the following expression:
v .

) » | |
F—g(x——wrwg-,—dv, e

. 0
where % is the volumetric magnetic susceptibility of the body; %*r is the
volumetric magnetic susceptibility of the gas surrcunding the body; K is
the intensity of “he magnetic field; the derivative dn/dx is the gradient of
field strength H with respect to the direction of the force acting on the
body. : .

In this case.we employ & law quite analogous to Archimedes' Law: the
magnetic susceptibility of the body suffers an apparent decrease by an amount
equal to the susceptibility of the medium im which the body is placed [6].

Just a8 1t is possidble to determine the specific veight of & liquid hy
the loss in weight of & body immersed in & liquid, it is equally possible to
determive the magnetic susceptibility of a gas surrounding & body by measur-
ing mechsnical forces acting upon the body.

, An instrument for determination of oxygen in gaseous mixtures thrt is 1
based upon the utilization of this principle, has been worked out by P. L. ]
Kapitda/ Gofii rIn:thielinstiuner  a glédh yotor Lp:the:form of ahlengnbody-
ofellipsotdalccross=séttion. is suspended: befweenc theppolasiofraspoverfidn
permanent.magnet:(see Figpoa=t)of Theopolés’'arevgiven'a-shape that #ill.en2).
sure the maximun nonuniformity or- irregularttyhof . the, fteld:in. the gap.orThe
ges wixture to!be analyzed pesses through & tube surrcunding the yator..sbes
pending upon' the ragnetic susceptibility of the gus mixture, the :rqt.arﬁt.prm
through & large or small anile. The resding of the angle. is by ailight bean.

e . . . .
In order to damp the oscillations of the rotor a short-circuited coil of
coppefiwird- s ifagtenedto. the rotor; demping cutrents dreigeiecateddin this
cil. during.the gwinging of the rotor.. The:instrument:can +pe-"adjuated in

: : . -4 . Gae lustrument can be ddjusicd

[V S A TN O I
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for zero readings. In order o do this the coil is disconnected and the ends

of the .lnding are brought cutside through the suspension filaments. From an R
external source & divect curvent ig supplied to the coil, which establishes k-
the zero position for the-rotor. The magnitude of the current necessary for

compensation is & measure of the magnetic susceptibility of the gas. By a

suitable inclusion of resistance thermometers it ie possible to compensate

for temperature errors.

However,‘only measuremsnt by the method of deflectlon finds practical
application. In order to eliminate temperature errors the instrument is in-
closed in & thermostat.

A method has been proposed for the compensation of temperature errors
vhich permits to dispense with the thermostlt.[fe In this case the ends
of the coil winding are led outside, as for zero readings, and a differential
thermocouple is connected to the coil. One soldere. junction of the thermo-
couple measures the temperature of the gas; the other Jjunction is kept at a
constant tempersture (melting ice). The thermo-electric currents, which are
proportional to the temperature of the gas, generate mechenical forces whirh
correct for the temperature error.

Another design is known for the instrument of the mechanical type.[ 9 ]
A glags rotor in the form of two hollow epheres, fastened at the ends of a
small rod, is suspended by a quartz filament {see Figure 2). The spheres
ere placed between two pairs of poles of & megnet (see Figure 3). This in-
strument uses two horseshoe-shaped megnets made of alnico-V alloy, weighing
125 grams each. '

Instruments of the mechanical type are utilized to determine oxygen in
gas mixtures. Their readings ave proportional to the partial pressure of
‘the oxygen. In order to determirs the percentual concentration it is neces-
sary > introduce a correction for the atmospheric pressure in Forumla (5).
It is also possible tn employ automatic compensation in measurements of pres-
sure: for example, it is poesible to employ tie constructions descrited be-
low in Section k4.

The instruments are prepared for various intervals of measurement of
partial pressures from 0-20 to 0-800 mm/Eg. The accuracy of measurement is
around one percent. :

A dissdvantage of instruments of this type (mechanical) 1s their sensi-
tivity to vibrations, a fact which limits their field of application. At
the present time these mechanical type instruments are being utilized mainly
in lsboratory practice. However, their ude in industry under suitable con-
ditions is not excluded.

In conjunction with photorelays these instruments can serve to regulate
. }ndustrial processes.

2. Varistion in Viscosity of Geses in & Magnetic Field

The influence of & magnetic field upon ‘che viscosity of paramsgnetic
gases has baen ghown repeatedly by experimental investigttionl[io,.l}7. The
dependence found for oxygen is represented graphically by the curyes in Fig-
ure &. The viscosity of % gas decreases with increage in the magnetic field
streugth H up to a certain definite 1imit. At & constant temperature the de-

. cresse in viscosity depends upon the ratio H/P.
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“hysically the phenomenon can be explained by the fact that the magnetic
field chenges the direction of the axes of rotation of the molecules. The
probability of collision of the molecules end, consequently . the length of
the free path deperd upon the angle between the axis of rotation of the wole-
cule and the direction of its motion./ 12 7 :

As geen from the curves of Figure 4, the variation in viscosity is not
considerable in absolute magnitude. At atmospheric pressure and for a field
strength H = 6000 oersteds this variation is only 0.2 percent. Because of
this, the phenomenon is not being applied in the analysis of gases.

3. Instrument: Based upon Variation of Thermal Conductivity of ‘Gases in a
Magnetic Field

The thermal conductivity of gases, according to the molecular-kinetic
theory, is determined by the following formula: o

A=€gc, 7, (6)

where eta is the gas visc.3ity; epsilcn ig a coefficlent, which depends upon
tbe atomicity of the gas; cv is the thermal capacity of the gas at constant

volume.

Since the acticn of the magnetic field causes & decremse in the viscos-
ity oz a gas, 1t 1s necessary to expect & simulteneous decrease in the thermal
conductivity also. This phenomenon was experimentally verified and has been
investigated in detail. 13 .

The variation in thermal conductivity, as a function of the magnetic
field strength H and ges pressure P, is anslogous to the variation in vis-
cosity (Figure 5), exceeds it approximately 1.8 times on the basis of & com-
parison of absolute values.

The maximum veriation in +herms) conductivity is 1.18 percent. However,
this quantity can be attained only for small pressures or for strong fields.

Tt hes been found empirically that the varietion in thermal conductivity
gatisfies the law following:

aX?
- Ail"‘ TFEX+cXZ (7)
X=- /T

where a, b, ¢ are constant coefficients; H is the magnetic field strength;
P is the pressure in millimeters of mercury; &und T is the absolute tempera-

ture.
The molecular-kinetic theory of geses glves the following relations:
VT=¢ v P=gnv& 1=G/n; ts=k (81)
vhere C.,, C,, and C3 are the coefficients constant for a given ges; v is
the ave}:geaspeed the molecules; 7 1s the number of molecules per unit

volume; ! 18 the length of free path of the molecules; ty is the time be-
tween two collisions of one molecule.

Substituting the relations introduced gbove into Equation (8), we ob-

tain:
H — .
By Ty —HaE =4 . (8')
-‘5 -
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The variation in thermal conductivity under the influence or & magnetic
fie1d depends upon the time between two collisions of & molecuie. Obviously,
. the time necessary for the turning of the axis of rotation of & molecule un-
der the influerce of magnetic field is commensurate with .he time tg. For
large preasures and swall values of the magnetic f£ield strength, the process
of reorientation of molecules will not have sufficient time to be completed
during the free flight of & molecule. This explains the nature of the de-

pendences expressed in Figure S.

Figure 6 shows the dependance of the variation in thermal conductivity
upon the angle petween the uagnetic lines of force and the direction of heat

flowv.

Ipstruments have been constructed for the industrial analysis of gases;
these instruments are based upon the above-described phenomenon. 1‘_7 Fig-
ure 7 gives .schematic representiation of an instrument of this type, illus-
trating the priuciples involved. The difference in the resistances of heated
£ilaments included in two arms of & bridge is measured. One of the filaments
is placed between the poles oi & permanent magnet giving a strong and uniform

megnetic field.

According to date from the literature, this instrument permits one to 2
meagure the content of Op with an accuracy up to 0.01 percent. It is neces- ]
sery to assume that such accuracy can be attained only wider the most ideal
conditions. The preseuce of even small quantitles of hydrogen must lower
considerably the sensitivity and accuracy of this instrument. JIn'order to
eliminate undesirable displacements of the £ilament due to the interaction
of the current flowing in it with the magnetic flux, the bridge is operated
by means of an alternating current of high frequency. Use is also made of
filements of the bifilar type which are sealed in yuartz. This parmits the
employment of direct current. In order to eliminate errors that are caused
by variations in the external temperature, the instrument is inclosed in &

thermostat.

b, Instruments Based upon Utilization of Phenomenon of Thermomsgnetic Con-
vection

=

The phenomenon of thermom etic convection has bs2n submitted to de-
tailed experimental study./ lS?n

) Convection appears around & hesated body such &s a platinum £ilament
placed in A nonuniform magnetic field and surrounded by a parimagnetic ges..
The particles of gas located around the filament are heated snd thus par-
tielly lose their own magnetic properties, according to the law expressed
by Formula (5). Then they are expelled from the magnetic field by the
colder gas particles, Just as in the instruments of the mechanical type the
spheres of the rotor are expelled.

If one designates the temperature of the cold gas T, and the tempera~
ture of the heated gas around the filament by T, then from Formulas (5) and

(6) we ovtain the magnitude of the force with which the element of volume av

of heated gas is expelled;
CMP dH /1 /
dF=-———'H /':T“‘—)C{V’ (9)

As & result of the action of these forces, & continuous convective motion of
the ges tskes place around the filament, causing & lowering of the filament's

temperature.
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The curves show in Figure 8 the veriation in the » listance of a plati-
num wire (dismeter 0.1 mm, length 7 mm, enclosed in a glass vessel with oxy-
gen) for various displacements of the wire between the poles of the magnet. |

. 7 One of the poles of the magnet and the vessel are schematically drawn. The' A
displacement was in the horizontal direction. ’

\
\

It is obvious 'from\'g‘,he curves that when a filament is located near the
edges of a pole, where the product H(dH/dx) is &t a maximum, the resistance
of the filement falls .shafply. The amount of decrease in recistance reaches
hsi percent (for H = 20,0 oersteds and dH/dx == 20,000 cersteds per centi-
it

er).

In Figure 9, similartgu ves are drawn for displacements of the vessel
in verticel direction. The influence of natural thermal convection can be
seen frow the curved, When the filament is located under the poles between
the points A and B, “the current of thermomagnetic convection is directed
downward and is opposed to the current of thermal convection. At point B
they balance each other and the.filament possesses maximum excess heating.

For the same reason, the maximum reductic% in resistance at point-D is
less than under the pole at point F, where both convective currents flow in
the same s_:iirection,

It is obvious from Formula (9) that the effect of cooling of the fila-
ment depends not upon the absolute value of the magnetic, susceptibility of '
t_&bility; that is, :

the gas, but upon the temperature coefficient of suscep
upon the derivative dz/dT.

Formula (8) is derived for paramagnetic gases, the magnetic properties
' of whi;\% satisfy Curie's Law (3); that is, for gases satisfying the law:
] x=1/1°, For diamagnetic gases the following law holds: %=1/T. It is
: o clesr that thermomsgnetic convection in these gases will be considerably
-3 weaker. MO and NO, also do not follow Curie's Le¥ and, as shown by Richard-
son's experiment/ J6_/, the cooling effect on the filsment ig 12 percent for
NO, and 3.3 percent fcr NO2 , of the same “effect for 02, while their magnetic
suBceptibilities are 45.2 peicent for NO, and 6.2 percert for NOp, of the
. sugceptibility of Op. Thie fact and eleo the cunsiderate absolute magnitude
' . ’ of the_cooling effect on the filament permits one to applyhthis effect suc-
, cessfully for industrial use in the determination of oxyger in gaseous mix-
tures. It is known that several instruments have been campleted that are
baced upon this phenomenon.

a

. Figure 10 sghowe the cross-sectional view of & transmitting element of

one of these instruments; Figure 11 is ita main circuit disgram.{ 17_7 Four
platinum heating filaments connected into a bridge sre located,in the common
chamber of the instrument. Two of these are placed near the pole of a meg-
pet; the other two are placed outside the magnetic field.

The gas to be analyzed is blcwn through the chambe::. The supply for
the bridge is provided by a 20 kilocycle oscillator. The voltage from the
disgonsl of the bridge is amplified and is supplied to the measuring or re-
cording appsratus. .

In order to eliminate temperature errors the transmitting element of the
ipstrument is enclosed in a thermostat having & temperature of 52 degrees cen-
tigrade.

The pressure of the gas 1s maintained at & constant level by means of
the apparatus indicated schematically in Figure 11. The apparatus includes
a differential manometer with a condenser transmitting element, which measures
$he pressuré in front of and after the disphragm, snd an oscillator and fre-
quency relay which controls the motor of the reguleting valve.
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The constructional data for this imstrument are: . Diameter of the platinum
filaments, 0.0l mm; resistance, 15 ohms; vcltage on bridge, a.bgut 3 volts; cur-
rent through bridge, 0.18 ampere; terperature of filament, 260°C. The strength
of the field in the gap is 8-10,000 cersteds. The rate of flow of the ges through
the transmitting element is 100 cubic centimeters per minute.

Figure 12 shows tne dependence of voltage in the diagonal of the bridge upon
the oxygen content. Figure 13 showa the calibration curve for the instrument.

Figures 1% and 15 shovw the circuit and crose-sectional view of the trans-
mitting element of an instrument of different deslgn. [ 16__7 The characteristic
feature of this instrument is the use of a heater in the Form of a bifiler spiral
winding sealed in glass. This construction permits the use of alterpmating cur-

rent for the bridge suppLy .

This instrument has two jdentical heaters placed in two different chambers.
One of them is located in the magnetic field; the other is used for the purpose
of compensation. The bridge has a device for automatic balancing which consists
of an amplifier for the unbalance currents and a motor connected with the slide
arm of & rheochord and a reccrding instrument. ’

N

Linearity of the calibration curve for the {nstrument is ensured by & sult-
ably profiled cam.

As is obvious from Figure 15, gas exchange in the chamber proceeds exclu-
sively by diffusion. This causes a certain lag in the indicator readings (in
15 seconds after a change in the gas composition the indicator goes 90 percent
of the way between the o0ld value and the new value). Compensation is provided
in the instrument for errors caused by variations in humidity of the gas, tem- ’
perature, and pressure. A porous plug which is continuously wetted 1s placed 1
- in the lower paert of each chember. The ges in passing close to this wetplug
becomes saturated with water vapor. The temperature errors are eliminated by
the use of & thermostat (at 55 c). Ir order to eliminate errors due to pressure
variations, a device ie provided as shcwn in Figure 14. A corrugr.ted box, called
a 'silfon', which is £i1led with air and herm:-ticelly sealed, is heated by an
electric heater. The latter ig controlied by contacts kinematically connected
with the 'silfon®. The length of the t3i1fon', depending upor its temperature
and the external pressure, always remains constant; consequently the temperature
of the 'silfon’ is a function of the pressure. The thermometer, incorporated in
o suitable manner in the sch-me of the instrument, introduces temperature correc-

tions.

The design data of the i{nstrument is as follows: The heater is a platinum
wire 0.025 mm in diameter; ite resistance is 65 ohms. The nmagnetic field gtrength
is 13,000 oersteds. The sensitivity of the ipstrument is about 3 millivolts on
the diagonal of the bridge per 1 percent oxygen {in the first balf of the scale).

Figure 716 gives a curve showing the variation in resistance of the heater .
in ohms as £ function of the oxygen content. The instrument can be ested for
its "zero" reading when the gas contains no oxygen. To do this, & permanent mag-
pet is set on a hinge and can be swung out of the chamber.

Other types of instruments, whicl utilize the phenomenon of thermomagretic
convection, are also well known.

0f interest is the instrument {1lustrated schematically in Figure 17. The
gas to be analyzed ie divided into two symmetrical currents and passes by 2 trans-
verse horizontally-situated tube which supports two heated windings, or coils, 1
and 2. These windings are connected to the measuring bridge supplied with direct
current. Around the edge of winding 2 are located the poles of magnet 3. By vir-
+tue of the phenomeron described above, when a paravagnetic gas is present, a cur-
rent of gas appears in the horizontal tute and this current ig directed to the

-
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right from the megnetic pole. In consequence of the motion of the gas, winding
1 is cooled and windi“g 2 is heaved, which fact results in an unbalancing of

the bridge. Such a constructioral feature has a number of advantages over those
described previously: (1) the readings of the instrument are less influenced
by the thermal conductivity of the gaseous mixture; (2) the instrument does not
need alternsting current for the supply; (3) the instrument is simpler and more
dependable from the viewpoirt cf comstruction and exploitation.

The deficiency of this instrument i1s t“e large mass of the body to be
heated, which leads to a considerable lag in the indicator readings. An instu-
ment of this type, just as those described above, must be used with a thermo-
stat and must be compensated for variations in barometric pressure.

Soviet instruments of this type are manufactured for use in the control of
blast furnace gases in metallurgicel plants, see M. M. Faynberg's srticle /18 7.

This instrument gives an output of about 120 millivolts for a variation of

oxygen content from O to 100 percent and for a resistance of each heating eiement
amounting to 25 ohms. The lag in indicator reading is about 90 seconds.

5. Flelds of Application of Instruments

Instruments for the analysis of gas, usually oxygen, that are based upon
the measurement of magnetic properties have just been introduced. Operational
results have not yet been accumulated to & sufficient extent to permit a proper
evaluation of the possibility of & wide-scale use of these instrumeunts. It can
bc stated, however, that the instruments of the mechanical type will be employed
mainly in the laboratory in view of their sensitivity to vibration. In certain
cases under favorable conditions they can also be used in industry as control or
regulating devices.

The instruments that are based upor the measurement of the thermal conduc-
tivity of gases in & magnetic field, in comparison with instruments based upon
the utilization of the thermomagnecic. convection effect, possess obvious advan-
tages only in two cases: (1) in the analysis of rarefield gases under a pressure
of less than 300 millimeters of mercury, and (2) in the analysis of mixtures con-
taining NO or NO, {in the absence of Go).

In the analysis of oxygen under a pressure higher than 300 mm/Hg, the in-
strument of the seccnd type {nommechanicel) is more convenient, since it gives
a greater relative variation ir resistance.

Both t:pes of instruments can be used in the laboratory and in industry.

It is possible to mention the following definite areas of application where

the instruments based upon the utilization of thermomagnetic convection can be
used as control devices or transmitting elements in automatic systems:

1. Chemical plants /5 7
2. Air separation installations;

3. At boiler plants and metallurgical furnaces, in the analysis of stack
gases and regulation of combustion /b 7

L. On blast furnacés, for control and regulation of the oxygen-air mixture
in enriched blasting /2, 3 7 .

5. Analysis of the composition of air in mine shafts, tunnels, submarines,
pressure chawbers (barokamera), sewers, wells, etc,
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